We derive relative proper motions of stars in the fields of globular clusters M4, M12, M22, NGC 3201, NGC 6362 and NGC 6752 based on a uniform data set collected between 1997 and 2008. We assign a membership class for each star with a measured proper motion, and show that these membership classes can be successfully used to eliminate field stars from color-magnitude diagrams of the clusters. They also allow for the efficient selection of rare objects such as blue/yellow/red stragglers and stars from the asymptotic giant branch. Tables with proper motions and photometry of over 87000 stars are made publicly available via the Internet.
Introduction
Globular clusters (GCs) offer an excellent opportunity to study the chemical evolution of the universe, to test the theory of stellar evolution, and to assess the quality and accuracy of numerical codes written to follow the dynamical evolution of multi-body systems. To fully exploit this opportunity, cluster members must be discerned from field stars, which can be achieved e.g. by a proper motion (PM) study. As emphasized by Bellini, Anderson and van der Marel (2012) , such studies impose strong constraints on structure, dynamics and evolution of GCs. They also allow the identification of cluster members occupying unusual locations in the H-R diagram (e.g. blue, yellow and red stragglers), and, when supplemented with additional data, a measurement of absolute motions and geometric distances of GCs.
The first PM studies of GCs date from the 1970's. However the statistical uncertainties were often larger than the internal velocity dispersion (Cudworth, 1980 , and references therein). The breakthrough came with the advent of CCD detectors and the launch of the Hubble Space Telescope. Extensive HST-studies of numerous GCs have been undertaken, most of which are not yet finished (Bellini et al., 2012) . To our knowledge, just two large catalogs of PMs derived from Hubble data are accessible online as of today: 47 Tuc (McLaughlin et al., 2006) and ω Cen (Anderson and van der Marel., 2010) . A valuable extension Anderson et al. (2006) for the globular clusters M4 and NGC 6397, Yadav et al. (2008) for the open cluster M67, and Montalto et al. (2009) for the open cluster NGC 6253.
More recently Zloczewski, Kaluzny & Thompson (2011) published a PM catalog for M55 based on CCD observations performed at the Las Campanas Observatory (LCO) between 1997 and 2008. In the present paper we derive relative PMs for another six GCs: M4, M12, M22, NGC 3201, NGC 6362 and NGC 6752. In Sec. 2 we describe the observational data and methods used to prepare the CCD images for the analysis. The procedures employed for the determination of relative PMs of individual stars are discussed in Sec. 3. Colormagnitude diagrams (CMD) of individual clusters, cleaned from field stars, are presented in Sec. 4 followed by a brief Summary.
Data selection and preparation
The images analyzed in this paper are a part of the data collected between 1997 and 2008 within the CASE project (Cluster AgeS Experiment; see Kaluzny et al., 2005a) . All observations were made with the 2.5-m du Pont telescope at LCO using the same detector and the same set of V and I filters. We used the TEK5 CCD camera with a field of view of 530×530 arcsec 2 and a scale of 0.259 arcsec/pixel. We observed two fields for M4, two for NGC 3201 and one for each of the remaining four clusters. Equatorial coordinates of the centers of the analyzed fields are listed in Table 1 . For each cluster and each observing run we selected a collection of V -frames obtained at an air-mass less than 1.1 and a seeing better than 1.1 arcsec, henceforth referred to as a data set. Frames obtained through cirrus, as well as those with a bright background, were rejected. Altogether we collected 42, 24, 15, 33, 27 and 22 data sets for M4, M12, M22, NGC 3201, NGC 6362 and NGC 6752, respectively. For each data set we constructed an averaged frame with a high signal-to-noise ratio using the Difference Image Analysis PL (DIAPL) package † developed by Wojtek Pych. The construction procedure consisted of the following steps:
1. Find the frame with the best seeing (henceforth the reference frame). † Freely available at http://users.camk.edu.pl/pych/DIAPL/ 2. Transform the remaining frames to the coordinates of the reference frame (bicubic spline interpolation was used).
3. Find the point spread function (PSF) of each frame and transform it to match that of the reference frame.
4. Stack the transformed images.
To reduce the effects of PSF variability, the reference frame as well as individual frames were divided into 16 overlapping subframes, and the procedure was applied to each subframe separately. Next, a master list of stars was compiled for each cluster based on the best averaged frame of that cluster (henceforth master frame). To that end the master frame was divided into 16 subframes, and the DAOPHOT/ALLSTAR package (Stetson, 1987) was run for each subframe, assuming a Moffat function with linear spatial variability to characterize the PSF. Because of crowding the compilation proceeded in an iterative way, gradually decreasing the detection threshold. We took care to avoid artificial splitting of bright stars which can happen when an automatic procedure is used to detect missed objects in subtracted images. During the final iteration the residual images were inspected by eye to find previously undetected objects.
The listed stars were subsequently identified in the remaining averaged frames of a given cluster, and profile photometry as well as PSF modeling was performed for those frames with the ALLSTAR parameter REDET set to 1, i.e. allowing for the re-determination of coordinates.
Proper motions
To derive the PMs we employed the same method as Zloczewski et al. (2011) . For convenience, we briefly review the method in this section.
Measurements
In each averaged frame of a given cluster the position of each star from the master list was determined with respect to nearby cluster members using a procedure similar to that described by Anderson et al. (2006) . For the first guess we defined cluster members as objects located on the main sequence, red giant branch and horizontal branch of the CMD of the cluster. To select them from the master list a V /(V −I) or V /(B −V ) CMD was constructed, composed of stars with V < 21.0 mag and good photometry. The photometric quality was evaluated based on fit parameters CHI and SHARP returned by ALLSTAR: stars with 0.02 < CHI < 1.00 and −0.3 < SHARP < 0.3 were only included.
Next, to each star a set of grid objects was assigned, composed of cluster members located in an ∼80×80 arcsec square centered on that star. The grid objects were used to define the local geometrical transformation between the master frame and the averaged frame being processed. Typically, there were ∼200 of grid objects per star. For the transformation function a two-dimensional 3rd order Chebyshev polynomial was chosen, whose parameters were calculated with the help of IRAF ‡ tasks immatch.geomap and immatch.geoxytran. The (X 0 , Y 0 ) coordinates of the star on the master frame were transformed into the expected coordinates (X C , Y C ) on the averaged frame, and relative motions dX =X C −X 0 and dY =Y C −Y 0 were calculated. Finally, using relative motions from all suitable averaged frames, the PMs of the star µ X and µ Y were obtained from linear least-square fits to dX and dY as functions of time. The fitting was only attempted for objects with positions determined in at least four epochs spanning at least four years. The confidence level was set to 99%, i.e. all stars for which the significance of the fit was smaller than 99% were rejected. Grid stars for which reliable PMs had been obtained were then shifted to positions corresponding to the epoch at which the reference frame was taken. Transformations and fits were then repeated. The final total PMs were calculated from the standard formula µ = (µ
1/2 . The catalog of the derived PMs, whose first few lines are shown in Table 2 , is available online at http://case.camk.edu.pl. Altogether it contains data for 13036, 12654, 10961, 22544, 11781 and 16394 stars in M4, M12, M22, NGC 3201, NGC 6362 and NGC 6752, respectively Equatorial coordinates of the stars were obtained using frame astrometric solutions based on a set of stars with V < 17 mag selected from the UCAC3 catalog (Zacharias et al., 2010) . The average residual of the adopted solution varied between 0.15 arcsec for NGC 6362 and 0.21 arcsec for M4.
Error estimates
In the overlapping part of the two M4 fields there were 10385 stars with measured PMs (in the case of NGC 3201 fields there were 17693 such stars). For 66 per cent of them the difference between PMs measured in each field separately was smaller than 0.16 (0.08) mas/yr, which can be adopted as a robust estimate of the average error of the PM determination. For 95 per cent of the stars the difference was smaller than 0.75 (0.37) mas/yr. The median differences were nearly the same in all magnitude ranges.
The formal error σ µ of the total proper motion was derived for each star from the least-square fit described in Sect. 3.1. For stars with V ≈ 19.0 mag the median value of σ µ varied from 0.29 to 0.67 mas/yr (observed in NGC 3201 and M4, respectively). Not surprisingly, these limits were increasing for fainter stars, and at V ≈20 mag they reached 0.46 and 1.62 mas/yr (observed, respectively, in NGC 3201 and NGC 6362). An increasing scatter in σ µ was also observed in all clusters for V < 14.5 mag. This is due to the saturation of bright stars on some images, resulting in fewer averaged frames available for the PM measurement. In general, we may say that for V <17.0 mag the formal PM errors result mainly from systematic effects, while at fainter magnitudes their main source is photon noise. 
Completeness
We defined the completeness of our survey as the ratio of the number of stars for which the PM was successfully measured to the number of stars for which the PM measurement was attempted. We assessed it as a function of V -magnitude and radial distance from the center of the cluster r. In most clusters the completeness exceeds ∼70 per cent for 13 < V < 17 mag and drops to ∼ 25 per cent at V = 20.0 mag. The exception is M22, where it is limited to ∼50 per cent, which is understandable given heavy crowding of the field. As expected, the completeness increases with r, flattening at about 4 arcmin. The drop observed at small r is due to crowding, and the similar drop at large distances -due to the fact that for more distant stars only a few epochs were often available. No attempt was made to estimate the completeness of master lists. As it is for other ground based studies, this parameter is a strong function of the distance from the cluster center.
Cluster membership
Vector point diagrams (VPD) showing stars with reliable PMs are presented in Figs. 1 -6 . In all six cases cluster members are crowded around the (0,0) point, and it is evident that field stars are a small fraction of the total sample. For the clusters M4, M22 and NGC 3201 field stars form well defined clumps on the VPD that barely overlap with the cluster stars. For the remaining three clusters field stars do not show well defined clumps on the VPD. Instead they are spread over large areas on the VPD and their distribution overlaps with cluster stars. These properties of the VPDs and the small percentage of field stars in the analyzed samples prevented us from estimating membership probabilities as it is usually done (see e.g. Platais et al., 2003) . Instead, we assigned each star to one of three membership classes (mem = 0,1,2) based on its location in the VPD and the uncertainty σ µ . Class 0 corresponds to likely field stars, class 1 to possible members and class 2 to likely members. The assignment procedure consisted of the following steps:
1. All stars were divided into magnitude bins containing at least ∼1000 objects.
2. In each bin mean values (M α , M δ ) and standard deviations (S α , S δ ) of the distributions of PM components in α and δ directions were found. The total standard deviation S ≡ (S 2 α + S 2 δ ) 1/2 was calculated.
3. In each bin mean values (M E α , M E δ ) and standard deviations (SE α , SE δ ) of the distributions of the errors of PM components in α and δ directions were found. Total mean error M E ≡(M Eα 2 +M E 2 δ ) 1/2 and total standard deviation of the error SE = (SEα 2 + SE 2 δ ) 1/2 were calculated.
4. Stars with µ>aS, where a was equal to 2.5 for M4 M22 and NGC 3201, and to 2.0 for M12, NGC 6362 and NGC 6752, were classified as nonmembers (mem = 0). Stars with µ ≤ aS and σ µ > M E + aSE were classified as possible members (mem = 1), while those with µ≤aS and σ µ ≤M E+aSE as genuine PM-members of the cluster (mem = 2).
The histograms showing the distributions of both PM components for the brightest and for the faintest bin in V are shown in Figs. 7 -12 together with the corresponding VPDs. Table 3 lists the number of stars assigned to membership classes 0, 1 and 2 for each cluster.
4 Color-magnitude diagrams M4 -In addition to about two dozen blue straggler stars, panel B of Fig.  13 shows about a dozen candidate yellow straggler stars. Only one of the blue stragglers is a known variable. Several likely cluster members are observed to the blue of the main sequence below turnoff region. One of those faint blue stars is the binary hot subdwarf V46 (Kaluzny et al., 1997; O'Toole et al., 2006) . M12 -This cluster shows about two dozen candidates for blue and yellow stragglers (Fig. 14 B, C) . Nine of them were identified as variables. A few likely members are observed to the red of the turnoff, and one is observed to the red of the subgiant branch. These are potentially interesting objects, deserving spectroscopic follow-up.
M22 -This cluster is located in front of the outer part of the Galactic bulge. Comparison of panels A and B in Fig. 15 shows that field interlopers have been efficiently filtered out. Relatively few candidates for blue stragglers, as compared with M4 and M12, are observed in panels B and C. The relatively large widths of the subgiant and giant branches results from a combination of differential reddening and chemical inhomogeneity of the cluster (Marino et al., 2011) . One may also notice that the extended horizontal branch of M22 exhibits at least three gaps on the CMD. The pronounced gap at V = 14.6 mag has been reported earlier by Cho et al. (1989) but is more clearly seen in our data. Two other possible gaps are located at V ≈ 16 mag and V ≈ 17 mag. Most of the variables reported so far by CASE for the central region of M22 turned out to be field stars (Pietrukowicz and Kaluzny, 2003; Kaluzny and Thompson, 2001 ).
NGC 3201 -Like M22, this cluster suffers from differential reddening causing a large width of the principal features of the CMD (von Braun and Mateo, 2001) . As is apparent in panels B and C of Fig. 16 , the cluster hosts a rich population of blue and yellow stragglers (note, however, that stars observed at V < 16 mag and B − V < 0.4 mag belong to the blue horizontal branch). Several blue stragglers are SX Phe type pulsating variables (Mazur et al., 2003) . One hot subdwarf candidate is seen at V = 19.2 mag and V − I = −0.01 mag.
NGC 6362 -As we noted in Sect. 3.4, cluster members overlap with field objects on the VPD (see Fig. 5 ). Therefore, some likely interlopers can still remain in panels B and C of Fig. 17 . Nonetheless, it is evident that the cluster hosts a rich population of blue and yellow stragglers. The variable hot subdwarf identified by Mazur et al. (1999) is a likely cluster member. In Fig. 17 this stars is located at V = 19.09 mag and B − V = −0.23 mag. A pronounced asymptotic giant branch is clearly visible in the CMD.
NGC 6752 -Several stars are located to the red of the subgiant branch and main-sequence in panel B of Fig. 18 . The poor separation of cluster stars from field stars on the VPD (see Fig. 6 ) suggests that these may be field interlopers not recognized by our simple membership criteria. Spectroscopic observations are needed to clarify status of these stars. On the other hand, a large fraction of the variables identified by Kaluzny and Thompson (2009) are likely cluster members.
Summary
Based on a uniform set of data collected between 1997 and 2008 we derived relative proper motions of stars in the fields of six globular clusters: M4, M12, M22, NGC 3201, NGC 6362 and NGC 6752. The measurements were made using a procedure similar to that described by Anderson et al. (2006) . Proper motions were successfully measured for over 87000 stars and a membership class was assigned to each. The membership classes allow for an efficient elimination of field stars from color-magnitude diagrams of the clusters. A catalog of proper motions was compiled and is publicly available at case.camk.edu.pl. These relative proper motions aid in the efficient selection of rare objects such as blue/yellow/red stragglers and stars from the asymptotic giant branch. The data can be also used to assign membership status to variable stars, either already identified or to be detected by future surveys.
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